Introduction 30 31
Nucleosides are low molecular weight compounds consisting of a purine 32 or pyrimidine base (e.g., adenine, cytosine, guanine and uridine) attached via 33 a β-glycosidic linkage to a ribose sugar (ribonucleosides). Nucleotides are o-34 phosphoric acid esters of nucleosides containing one to three phosphate 35 groups on C-2, C-3 or most commonly C-5 of the ribose (ribonucleotides). 36
Nucleotides are compounds of critical importance to cellular function. From each cow, approximately 80 mL of sample was collected in a 143 120 mL disposable container. These samples were collected at various time 144 intervals throughout the first month of lactation, with a frequency that reduced 145 as the month progressed. 146
Collected samples were refrigerated at 4 ºC, picked up from the farm as 147 soon as practicable (within 6 h), taken to the laboratory and immediately 148 prepared for storage. NaOH (1 M, 20 mL) was added to a 10 mL sample 149 aliquot and mixed, and the sample was then left to stand for 30 min,freezing at < -15 ºC. 152 153
Sample analysis 154 155
Samples from the seven cows at each time period post-partum were 156 pooled for analysis, and enzymatic hydrolysis and boronate affinity extraction 157 were performed as described by Leach et al. (1995) . Each pooled sample 158 was tested in duplicate with the mean and standard deviation calculated. 159
Samples were enzymatically hydrolysed using nucleotide 160 pyrophosphatase, nuclease P1 and bacterial alkaline phosphatase (Sigma 161 Chemical Co., St. Louis, MO, USA). Each pooled sample was split into four 162 5 mL sub-samples, to each of which internal standard (10 µg, 5-methylcytidine) 163 was added, and each sub-sample was subjected to a different enzymatic 164 treatment. The first treatment had no added enzymes and innate nucleosides 165 only were therefore measured. The second treatment involved phosphatase 166 (pH = 8.5, 3 h), which dephosphorylated monomeric nucleotides to 167 nucleosides. The third treatment incorporated nuclease (pH = 5.1, 16 h) and 168 phosphatase (pH = 8.5, 3 h), which hydrolysed polymeric nucleotides to 169 monomeric nucleotides, which were subsequently dephosphorylated to 170 nucleosides. The fourth treatment consisted of nuclease (pH = 5.1, 16 h), 171 pyrophosphatase and phosphatase (pH = 8.5, 3 h), which converted all 172 nucleoside precursors (polymeric and monomeric nucleotides, and nucleotide 173 adducts) to free nucleosides. 174
Clean-up of enzymatic extracts was achieved by solid phase extraction 175 using a phenylboronate affinity gel as described by Leach et al. (1995) ,interferences removed with two washings of high pH buffer. The nucleosides 178 were eluted from the affinity gel at low pH by the addition of phosphoric acid 179 (0.25 M), and filtered ready for analysis (Liu & Scouten, 2000) . 180 181
Chromatographic analysis 182 183
The initial chromatographic protocol was a modification of a reversed-184 phase system described by Gill and Indyk (2007b), using phosphate buffer 185 and a methanol gradient. As optimum separation of nucleosides was 186 achieved at pH = 4.8, phosphate was replaced with acetate (pKa = 4.75), 187 thereby offering greater buffer capacity at the desired pH. 
). 214
Recovery was assessed by comparison of peak areas for the spiked and 215 unspiked samples, relative to those of the mixed standard. 216
Recovery of nucleosides from the enzymatic digestion was estimated 217 following the protocol described by Leach et al. (1995) .
A solution 218 
Chromatography 259 260
Chromatographic performance evaluated as resolution, peak tailing, 261 retention factor, and peak area repeatability, was deemed acceptable by 262 replicate analyses (n = 6) of a mixed nucleotide standard (Fig. 1A) . The 263 specificity of the phenylboronate sample clean up provides analytical 264 chromatography relatively free of interferences (Fig. 1B) . 265 266
Total potentially available nucleosides in bovine milk 267 268
The TPAN concentrations and contribution of each nucleobase and form 269 obtained in this study of winter-milk and summer-milk lactation series are 270 summarised in Tables 1 and 2 and illustrated graphically in Figs. 2 and 3. Forand rates of decrease were made between seasons and whether each 273 seasonal slope differed from zero (Table 3) . 274 275
Nucleoside contribution to TPAN 276
Uridine was the most prevalent nucleoside, at levels of ~50 µmol dL −1 in 277 colostrum, but these levels were not sustained beyond the third day post-278 partum and rapidly decreased to levels similar to those of cytidine and 279 guanosine, at 1-3 µmol dL −1
. Adenosine was present at much lower levels 280 but these low levels were maintained throughout the lactation period for both 281 seasons milk. The nucleoside levels measured in this study were consistent 282 with those reported previously (Gill & Indyk, 2007b). Although nucleosides 283 were present at higher concentrations in bovine colostrum than in mature 284 bovine milk, they rapidly decreased to levels similar to that in mature human 285 milk, as reported by Leach et al. (1995) . 286 287
Monomeric nucleotide contribution to TPAN 288
Levels of nucleotides measured in this study were generally higher than 289 those reported previously (Gill & Indyk, 2007b); however, there was likely to 290 have been a significant contribution from multiple phosphorylated forms 291 (cyclic-, mono-, di-and tri-phosphorylated nucleotides), which the TPAN 292 analytical method aggregates as a single value. Differences in colostral 293 monomeric nucleotide levels between the herds were evident, with the winter-294 milk herd initially containing 5-10 times the levels of the summer-milk herd. 295 15 µmol dL −1 in both herds, somewhat lower than those reported in human 297 milk (Leach et al., 1995) . The high initial uridine nucleotides levels and 298 subsequent rapid decrease in concentration seen in winter-milk was absent in 299 summer-milk which maintained constant levels throughout lactation. Cytidine 300 and adenosine nucleotides are stable throughout lactation for both seasons. 301
The most abundant nucleotides in bovine colostrum were based on uridine; 302 however, as colostrum transitioned into mature milk, cytidine nucleotides 303 became the dominant form. 304
Uridine nucleotides are critical components in the biosynthesis of lactose. The concentrations of the purines also differed with adenosine levels 359 throughout the first month of lactation for milk from both herds, whereas 360 guanosine showed a significant decrease in levels for both herds. The 361 quantities of both guanosine and adenosine, and their respective nucleotides 362 were slightly higher in bovine colostrum than in human colostrum and milk, but 363 concentrations were lower as colostrum transitioned to mature milk. In bovine 364 milk, purine nucleosides and nucleotides made a relatively small contribution 365 to TPAN (6-20%), whereas human milk purine nucleosides and nucleotides 366 consistently represent a greater proportion of TPAN (> 30%). 367
370
In general, the absolute concentrations indicated a distinct difference 371 between the two herds, although the general trends were the same. Winter 372 had higher initial levels of TPAN but the rate of decrease was greater, such 373 that the seasonal differences in TPAN concentration found in colostrum were 374 largely absent in mature milk. 375 TPAN levels in winter-milk colostrum were attributable largely to 376 significantly higher amounts of uridine nucleotides compared with summer-377 milk colostrum; however, by the tenth day, milk from both herds showed 378 similar TPAN levels. The TPAN levels in bovine colostrum were higher than 379 those in both human colostrum and milk, however, after transition to mature 380 milk, the TPAN levels were lower than those reported in human milk (Leach et Nucleosides and nucleotides in bovine milk from a winter-milk herd (µmol dL 
